The transverse momentum spectra of different types of particles produced in central and peripheral gold-gold (Au-Au) and (inelastic) proton-proton (pp) collisions at the Relativistic Heavy Ion Collider (RHIC), as well as in central and peripheral lead-lead (Pb-Pb) and pp collisions at the Large Hadron Collider (LHC) are analyzed by the standard distribution in terms of multi-component. The obtained results from the standard distribution give an approximate agreement with the measured experimental data by the STAR, PHENIX and ALICE Collaborations. The methodical behavior of the effective temperature and kinetic freeze-out volume with the mass dependence for different particles is obtained, which observes the early kinetic freeze-out of heavier particles as compared to the lighter particles. Furthermore, the kinetic freeze-out volumes for different particles are observed to be different, which reveals a direct signature of the mass dependent differential kinetic freeze-out. It is also observed that the peripheral nucleus-nucleus (AA) and pp collisions at the same center-of-mass energy per nucleon pair are almost equivalent in terms of the extracted effective temperature.
Introduction
A hot and dense fireball is assumed to form for a brief period of time (∼ a few fm/c) over an extended region after the initial collision, which undergoes a collective expansion and both the temperature and volume or density of the system change. Three types of temperatures namely the initial temperature, chemical freeze-out temperature and kinetic freeze-out temperature can be found in the literature, which describe the excitation degrees of interacting system at the stages of initial collision, chemical freeze-out and kinetic freezeout respectively [1, 2, 3, 4, 5] . There is another type of temperature, named the effective temperature, which is not a real temperature and it describes the sum of excitation degree of the interacting system and the effect of transverse flow at the stage of kinetic freeze-out.
Usually, the initial stage of collision happens earlier, followed by the chemical and kinetic freeze-out stages successively. Similarly, the initial temperature is the largest and the kinetic freeze-out temperature is the lowest among the three real temperatures, while the chemical freeze-out temperature is in between the initial and kinetic freeze-out temperatures. It does not get rid of the simultaneity for chemical and kinetic freezeouts, which results in the chemical and kinetic freeze-out temperatures to be the same. The effective temperature is often larger than the kinetic freeze-out temperature but it is equal to kinetic freeze-out temperature in case of zero transverse flow velocity.
To conceive the given nature of the nuclear force and to break the system into massive fragments [6, 7] , it is a good way to bring the nucleons in interactions in nucleus-nucleus (AA) collisions at intermediate and high energies and such a process provokes a liquid-gas type phase transition. In AA collisions at higher energies, a phase transition from hadronic matter to quarkgluon plasma (QGP) is expected to occur. The volume occupied by such ejectiles source where the mutual nuclear interactions become negligible (they only feel the coulombic repulsive force and are free from the attractive force) is said to be kinetic freeze-out volume and it has been introduced in various statistical and thermodynamic models [8, 9] . The kinetic freeze-out volume gives information of the co-existence of phase transition. This is one of the major quantities, which is important in the extraction of vital observables such as multiplicity, micro canonical heat capacity and its negative branch or shape of caloric curves under the external constraints [10, 11, 12, 13, 14] .
It is conceivable that the volume of interacting system increases from the initial state to the latest kinetic freeze-out stage. The study of dependences of effective temperature and kinetic freeze-out volume on collision energy, event centrality, system size and particle rapidity is very attractive and is a huge project. We are very interested in the effective temperature and kinetic freeze-out volume in central and peripheral AA and (inelastic) proton-proton (pp) collisions at the Relativistic Heavy Ion Collider (RHIC) and the Large Hadron Collider (LHC) over a wide enough energy range in which QGP is expected to form.
In this paper, we study the dependence of effective temperatures in central and peripheral gold-gold (Au-Au) and lead-lead (Pb-Pb) collisions at the RHIC and LHC energies and compare their peripheral collisions with pp collisions of the same center-of-mass energy per nucleon pair √ s N N (or the center-of-mass energy √ s for pp collisions). Only 62.4 GeV at the RHIC and 5.02 TeV at the LHC are considered. By way of parenthesis, the kinetic freeze-out volumes are obtained. We present the approach of effective temperature and kinetic freeze-out volume from the transverse momentum spectra of the identified particles produced in the mentioned AA and pp collisions.
The remainder of this paper is structured as follows. The formalism and method are described in Section 2. Results and discussion are given in Section 3. In Section 4, we summarize our main observations and conclusions.
The method and formalism
Generally, two main processes of particle production are under consideration, which includes the soft exci-tation and hard excitation processes. The soft excitation process has numerous choices of formalisms, including but are not limited to the Hagedorn thermal model (Statistical-bootstrap model) [15] , the (multi-)standard distribution [16] , the Tsallis and related distributions with various formalisms [17] , the blast wave model with Tsallis statistics [18] , the blast wave model with Boltzmann statistics [19, 20, 21, 22] , and other thermodynamic related models [23, 24, 25, 26] . The hard excitation process has very limited choice of formalisms and can be described by the theory of strong interaction [27, 28, 29] .
The experimental data of the transverse momentum spectrum of the particles are fitted by using the standard distribution which is the combination of Boltzmann, Fermi-Dirac and Bose-Einstein with spin S = 0, +1 and −1 respectively. The standard distribution at the mid-rapidity can be demonstrated as [16] 
in which the chemical potential is neglected, where N is the experimental number of considered particles, T is the fitted effective temperature, V is the fitted kinetic freeze-out volume (in terms of interaction volume) of the emission source at the stage of kinetic freeze-out, g = 3 (or 2) is the degeneracy factor for pion and kaon (or proton), and m 0 is the rest mass of the considered particle. As a probability density function, the integral of Eq. (1) is naturally normalized to 1, i.e., we have
pT max 0 f S (p T )dp T = 1, where p T max denotes the maximum p T .
Considering the experimental rapidity range [y min , y max ] around the mid-rapidity, we have the accurate form of Eq. (1) to be
where the chemical potential µ is particle dependent, which was studied by us recently [30] . In high energy collisions, µ j (j = π, K, and p) are less than several MeV, which affects slightly V comparing with that for µ j = 0. Then, we may regard µ ≈ 0 in Eq. (2) at high energies considered in the present work. In Eqs. (1) and (2) , only T and V are free parameters.
Usually, we have to use the two-component standard distribution because single component standard distribution is not enough for the simultaneous description of very low-and low-p T regions, which are contributed by the resonance decays and other soft excitation processes respectively. More than two or multi-component standard distribution can also be used in some cases. We have the simplified multi-component (l-component) standard distribution to be
where N i and k i denote respectively the particle number and fraction contributed by the i-th component, and T i and V i denote respectively the effective temperature and kinetic freeze-out volume corresponding to the i-th component.
More accurate form of l-component standard distribution can be written as,
In Eqs. (3) and (4), only T i , V i and k i (i ≤ l − 1) are free parameters. Generally, l = 2 or 3 is enough for describing the spectra in a not too wide p T range. In fact, Eqs. (1) or (2) and (3) or (4) can be used for the description of p T spectra and for the extraction of effective temperature and kinetic freeze-out volume in very low-and low-p T regions. The high-p T region contributed by the hard excitation process has to be fitted by the Hagedorn function [15] which is an inverse power law
which is resulted from the perturbative QCD (quantum chromodynamics) [27, 28, 29] , where A is the normalization constant, which depends on free parameters p 0 and n, and it results in pT max 0 f H (p T )dp T = 1. In case of considering the contributions of both the soft and hard excitation processes, we use the superpo-sition in principle
where k is the contribution ratio of the soft process and gives a natural result in pT max 0 f 0 (p T )dp T = 1. In Eq. (6), the contribution of soft process is from 0 to ∼ 2 − 3 GeV/c and the hard component contributes the whole p T range. There are some mixtures between the contributions of the two processes.
According to the Hagedorn model [15] , the contributions of the two processes can be separated completely.
One has another superposition
where θ(x) is the usual step function, and A 1 and A 2 are the normalization constants which make
. Equation (7) gives the contribution of soft process from 0 to p 1 , while the hard component contributes from p 1 up to the maximum. We will use only the first component in Eq. (7) due to the reason, we do not study a very wide p T range in the present work. In the case of neglecting the contribution of hard component in low-p T region in Eq. (6), the first component in Eq. (6) gives the same result as the first component in Eq. (7) . In fact, Eq. (4) with l = 2, that is the two-component standard distribution, is used in the present work. Figure 1 demonstrates the transverse momentum spectra, (1/2πp T )d 2 N/dp T dy, of the negatively charged particles π − , K − andp produced in (a) central (0-10%) and (b) peripheral (40-80%) Au-Au collisions at √ s N N = 62.4 GeV. The circles, triangles and squares represent the experimental data measured in the midrapidity range −0.5 < y < 0 at the RHIC by the STAR Collaboration [31] . The curves are our fitted results by Eq. (4) with l = 2. Following each panel, the results of Data/Fit are presented. The values of the related parameters along with the χ 2 /ndof (χ 2 and number of degree of freedom) are given in Table 1 . It can be seen that the two-component standard distribution fits approximately the experimental data measured at mid-rapidity in Au-Au collisions at the RHIC.
Results and discussion
The transverse momentum spectra (1/N ev )d 2 N/dp T dy of π − , K − andp produced in (a) central (0-5%) and (b) peripheral (80-90%) Pb-Pb collisions at √ s N N = 5.02 TeV are shown in Fig. 2 , where N ev on the vertical axes of panels (a) and (b) denote the number of events. The experimental data of π − , K − andp measured in mid-rapidity range |y| < 0.5 at the LHC by the AL-ICE Collaboration [32] are represented by the circles, triangles and squares respectively. The curves are our results fitted by Eq. (4) with l = 2. Following each panel, the results of Data/Fit are presented. The values of the related parameters along with the χ 2 /ndof are given in Table 1 . One can see that the two-component standard distribution fits approximately the experimental data measured at mid-rapidity in Pb-Pb collisions at the LHC.
Figures 3(a) and 3(b)
show the transverse momentum spectra, Ed 3 σ/dp 3 = (1/2πp T )d 2 σ/dp T dy, of π − , K − andp produced in pp collisions at √ s = 62.4 GeV and 5.02 TeV respectively, where E and σ on the vertical axes of panels (a) and (b) denote the energy and cross-section respectively. The symbols represent the experimental data measured in the mid-rapidity range |η| < 0.35 by the PHENIX Collaboration [33] and in the mid-rapidity range |y| < 0.5 by the ALICE Collaborations [32] . The curves are our results fitted by Eq. (4) with l = 2. Following each panel, the results of Data/Fit are presented. The values of the related parameters along with the χ 2 /ndof are given in Table 1 . One can see that the two-component standard distribu-tion fits approximately the experimental data measured at mid-rapidity in pp collisions at the RHIC and LHC.
To study the change trends of parameters with the rest mass of the particles, Figure 4 shows the dependences of effective temperature T on rest mass m 0 for productions of negative charged particles in central and peripheral (a) Au-Au collisions at 62.4 GeV and (b) Pb-Pb collisions at 5.02 TeV, while pp collisions at (a) 62. 4 GeV and (b) 5.02 TeV are also studied and compared to peripheral AA collisions of the same energy (per nucleon pair). The filled, empty and half filled symbols represent central and peripheral AA and pp collisions respectively. One can see that the effective temperature T is larger in central AA collisions as compared to peripheral AA collisions, and peripheral AA collisions are comparable with the pp collisions at the same √ s N N ( √ s). The mass differential scenario is observed, as the effective temperature T increases with the increase of rest mass of particles. The present work conforms various mass differential scenarios [2, 3, 18, 34, 35] . Table 1 . It can be seen that the kinetic freeze-out volumes in central AA collisions for all the particles in Figs. 5(a) and 5(b) are larger than those in peripheral AA collisions, which shows large numbers of participants in central AA collisions as compared to peripheral AA collisions. This also indicates to a system of quicker approach of equilibrium in central AA collisions than in peripheral AA collisions. The kinetic freeze-out volume in pp collisions is much less than that in peripheral AA collisions of the same √ s N N ( √ s), which is caused by the much less participant nucleons in pp collisions. It is also observed that the kinetic freeze-out volume decreases with the increase of the rest mass of particles. This leads to a volume differential freeze-out scenario and indicates different freeze-out surfaces for different particles, depending on their masses that show the early freeze-out of heavier particles as compared to the lighter particles [8, 9] . Figure 6 shows the dependences of effective temperature T on kinetic freeze-out volume V for productions of negative charged particles in (a) central and peripheral Au-Au collisions as well as in pp collisions at 62.4 GeV, and in (b) central and peripheral Pb-Pb collisions as well as in pp collisions at 5.02 TeV. The filled, empty and half filled symbols represent central and peripheral AA and pp collisions respectively. One can see that the effective temperature decreases with the increase of the kinetic freeze-out volume in central and peripheral AA and pp collisions. This result is natural due to the fact that a large kinetic freeze-out volume corresponds to a long kinetic freeze-out time and then a cool system and a low effective temperature.
From Figs. 4-6 one can also see that the effective temperature T and kinetic freeze-out volume V obtained from collisions at the LHC are larger than those obtained from collisions at the RHIC. These results are natural due to more violent collisions happening at higher energy. However, from the RHIC to the LHC, the increase of collision energy is obviously large, and the increases of T and V are relatively small. This reflects the penetrability of projectile in the transparent target.
To study further the dependences of effective temperature T and kinetic freeze-out volume V on centrality and collisions energy, Table 2 contains the values of average T ( T ) and average V ( V ) for different types of collisions at the RHIC and LHC. These averages are obtained by different particle weights due to different contribution fractions of π − , K − andp. One can see clearly that T and V at the LHC are larger than those at the RHIC. Generally, the effective temperature T happens between the chemical freeze-out temperature T ch and kinetic freeze-out temperature T kin . In particular, T ch in central AA collisions is about 160 MeV, and T kin in central AA collisions is less than 130 MeV [23, 24, 36, 37] . However, the values of T in Table  2 are larger because of Eq. (4) being used. In fact, Eq. (4) can be regarded as a different thermometer from literature [23, 24, 36, 37] , which results in different effective temperature which is beyond the range of [T ch , T kin ].
Although the absolute values of effective temperature obtained in the present work are possibly inconsistent with T ch and T kin , the relative values of effective temperature are clearly worth considering. The present work shows that the effective temperature T and the ki- GeV. This shows their strong dependence on collision energy. Furthermore, both T and V in central and peripheral Pb-Pb collisions are larger than those in central and peripheral Au-Au collisions that also shows somehow their dependence on size of the system, though this dependence can be neglected due to small difference in their size. The dependences of collision energy and system size are not discussed here in detail because of the unavailability of wide range of data but it can be focused in the future work.
Before summary and conclusions, we would like to point out that the method that the source volume can be extracted from the transverse momentum spectra of identified particles is approximately effective in high energy collisions. At high energy (dozens of GeV and above), the particle dependent chemical potentials are less than several MeV which affects less the source volume. Eqs. (1)-(4) can be used approximately. This renders that our result for pp collisions is larger than that (∼ 34 fm 3 ) by the femtoscopy method with twopion Bose-Einstein correlations [38] . At intermediate and low energies, the method used here is possibly unsuitable due to the fact that the particle dependent Fig. 6 . Same as Fig. 4, but showing the dependences of T on V . chemical potentials at the kinetic freeze-out are large and unavailable. In general, the particles of different species develop different chemical potentials from chemical freeze-out to kinetic freeze-out. In addition, different particles correspond to different source temperatures which result in mass or particle dependent differential kinetic freeze-out scenario [2, 3, 18, 34, 35] .
Summary and conclusions
We summarize here our main observations and conclusions (a) The extracted parameters from the transverse momentum spectra of identified particles produced in central and peripheral Au-Au collisions at 62.4 GeV and Pb-Pb collisions at 5.02 TeV are studied. Furthermore, the same analysis is done for pp collisions at both RHIC and LHC energies. The two-component standard distribution is used, which includes both the very soft and soft excitation processes. The effective temperature and kinetic freeze-out volume are larger in central collisions as compared to peripheral collisions which show large number of participant nucleons in central collisions and it undergoes a quick equilibrium state.
(b) The effective temperatures in the central and peripheral Au-Au (Pb-Pb) collisions at the RHIC (LHC) is observed to increase with increasing the mass of the particles, which shows a mass differential kinetic freezeout scenario at RHIC and LHC energies. The kinetic freeze-out volume decrease with the increase of mass that shows different kinetic freeze-out volumes for different particles and it indicates the volume dependent differential kinetic freeze-out scenario.
(c) The effective temperatures in peripheral Au-Au and pp collisions at 62.4 GeV as well as in peripheral Pb-Pb and pp collisions at 5.02 TeV are respectively equivalent and have the same trend, which show the same thermodynamic nature of the parameters in peripheral AA and pp collisions at the same center-of-mass energy (per nucleon pair). The effective temperatures in both central and peripheral AA and pp collisions decrease with the increase of the kinetic freeze-out volume in the considered energy range.
(d) Both the effective temperature and kinetic freezeout volume in central and peripheral AA and pp collisions at the LHC are larger than those at the RHIC, which shows their dependence on collision energy. Also, central (peripheral) Pb-Pb collisions give larger effective temperature and kinetic freeze-out volume than central (peripheral) Au-Au collisions which show somehow their dependence on the size of the system, which can be neglected due to small difference in their sizes.
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